Biosynthesis of the mannose 6-phosphate recognition marker in transport-impaired mouse lymphoma cells. Demonstration of a two-step phosphorylation.
The biosynthesis of the mannose 6-phosphate recognition marker has been studied in transport-impaired mouse lymphoma cells to determine the subcellular location of the processing enzymes and to characterize the biosynthetic intermediates. Cells were labeled with [2-3H]mannose and chased at a low temperature (15 or 20 degrees C) or at 37 degrees C in the presence of m-chlorocarbonylcyanide phenylhydrazone to disrupt transport of the pulse-labeled molecules within the secretory apparatus. Both treatments inhibited the migration of the pulse-labeled glycoproteins to the Golgi apparatus as measured by the production of complex-type asparagine-linked oligosaccharides. Despite this inhibition in protein transport, acid hydrolases were phosphorylated. Structural analysis of the phosphorylated oligosaccharides indicated that the transport-impaired cells produced a single species of phosphorylated high mannose oligosaccharide; essentially all of the molecules contain a single phosphodiester group that is restricted to the alpha 1,6 branch of the oligosaccharide. The results suggest that synthesis of mannose 6-phosphate-bearing high mannose oligosaccharides occurs in an ordered, compartmentalized posttranslational process. The initial phosphorylation of newly synthesized acid hydrolases occurs at a pre-Golgi site and results in the production of high mannose-type units that contain a single phosphodiester group. In a subsequent compartment, probably within the Golgi apparatus, the monophosphorylated units may be converted to diphosphorylated forms. Finally, at a site distal to the phosphorylation reactions the diesters are hydrolyzed to reveal the mannose 6-phosphate recognition marker.